Autoimmune/inflammatory intestinal diseases, such as Crohn's disease and ulcerative colitis, infectious gastrointestinal diseases, and gastrointestinal cancers, such as colorectal cancer, are worldwide a significant health problem. Intercellular communication and direct contact with the environment as the microbiota colonizes the gastrointestinal surface facilitates these diseases. Cytokines mediate the intercellular communication to maintain the equilibrium between host and environment and to regulate immune responses. One cytokine family that exchange information between immune cells and epithelial cells is the IL-20 cytokine family which includes the cytokines IL-19, IL-20, IL-22, IL-24, and IL-26. These cytokines share common receptor subunits and signaling pathways. IL-22 is the most intensively studied cytokine within this family in contexts of gastrointestinal disease, but the importance of other family members is more and more appreciated. In this review, the potential function of IL-20 cytokines concerning gastrointestinal conditions is discussed.
THe iL-20 CYTOKine SUBFAMiLY wiTHin THe iL-10 CYTOKine FAMiLY
The IL-20 subfamily that includes the cytokines IL-19, IL-20, IL-22, IL-24, and IL-26, is part of the IL-10 cytokine family, which further includes the cytokines IL-10, IL-28, and IL-29. All members of the IL-10 cytokine family signal through heterodimeric receptors composed of an α-chain and β-chain (Figure 1) . Members of the IL-20 cytokine subfamily signal through a receptor that consists of at least one IL-20 receptor (IL-20R) chain. IL-20Rβ can either pair with IL-20Rα forming the type I IL-20R, which acts as a receptor for IL-19, IL-20, and IL-24. Furthermore, IL-20Rβ forms with IL-22Rα the type II IL-20R through which IL-20 and IL-24 can signal (1) . IL-26, which is only present in humans and not in mice, signals through the IL-26 receptor that consists of IL-20Rα and IL-10Rβ (2) . Moreover, IL-22Rα and IL-10Rβ form the IL-22 receptor for IL-22 (1) .
The best-characterized cytokine of the IL-20 cytokine family is IL-22 (3, 4) . IL-22 is produced by T cells and innate lymphoid cells and induces the production of antimicrobial peptides and mucus by epithelial cells. The other members of the IL-20 subfamily are less characterized concerning their importance in mucosal immunity. Because the expression pattern of IL-20R chains differs between tissues, IL-20 cytokine subfamily members may have different functions in different tissues.
In this review, we will summarize the expression pattern of IL-20Rs in different gastrointestinal tissues and discuss their potential function for intestinal diseases. The IL-20 cytokines IL-19, IL-20, and IL-24 signal through the type I IL-20 receptor (IL-20R); IL-20 and IL-24 but not IL-19 can also signal though  the type II IL-20R. The IL-26 receptor, the IL-22 receptor, and the IL-10 receptor have the IL-10Rβ-chain in common. IL-10Rβ pairs with IL-20Rα to form the IL-26  receptor, with IL-22Rα to form the IL-22 receptor, and with IL-10Rα to form the IL-10 
Type i iL-20R (iL-20Rα + iL-20Rβ)
In contrast to the IL-22 receptor, the expression of the type I IL-20R is much lower in the distal and proximal colon of mice (6, 7, 9) . Increased expression of IL-20Rα, which also signals through STAT3 (10) , in colitis models can be explained by infiltration of the inflamed colonic lamina propria with monocytederived macrophages that express IL-20Rα (7). IL-20Rα is not expressed in the in the small intestine and the glandular stomach (7) but IL-20Rα is expressed in the forestomach/esophagus of mice with squamous epithelium and the epidermis (7). Thus, the type I IL-20R is mainly expressed at mucosal surfaced with squamous epithelium.
Type ii iL-20R (iL-20Rβ + iL-22Rα)
The type II IL-20R, which signals through STAT3 (10) , is expressed in the colon and the small intestine at higher levels than the type I IL-20R but at lower levels than the IL-22 receptor (7 iL-26 Receptor (iL-20Rα + iL-10Rβ)
The IL-26 receptor, which signals through STAT1 and STAT3, is not expressed in the small intestine and glandular stomach but is present in the esophagus and also in the colon at low levels, but its contribution to diseases of the esophagus and the colon is unknown.
CeLLULAR SOURCeS OF iL-20 CYTOKine FAMiLY MeMBeRS in THe gASTROinTeSTinAL TRACT
iL-22
Initially, CD11c + mononuclear phagocytes have been identified as the cellular source of IL-22 (6) . Now, type 3 innate lymphoid cells (ILC3) (11) , CD4 T cells (12) , γδ T cells (13) , and CD1d-restricted T cells, such as NKT cells (14) 
iL-20
Monocytes (16), macrophages (22), keratinocytes (23), and dendritic cells secretes IL-20. Furthermore, IL-1, IL-8, IL-17, and TNFα induce IL-20 expression in keratinocytes (24) . In the colon, the expression of IL-20 is low in un-manipulated mice and also during acute dextran Sodium Sulfate (DSS) colitis. Thus, the cellular source of IL-20 in the gut is not well defined.
iL-24
Monocytes (16), macrophages (25) , endothelial cells (16), keratinocytes (23), melanocytes (26), and subepithelial myofibroblasts (27) produce IL-24. In Th2 cells, the transcription factors STAT6 and GATA3 regulate the expression of IL-24 (28) . Furthermore, optimal production of IL-24 by macrophages requires type I IFN signaling and co-stimulation through the IL-4/STAT6 pathway, whereas in NK cells optimal IL-24 production requires type I IFNs and STAT4 (29) . In IBD patients, colonic subepithelial myofibroblasts produce IL-24 in response to IL-1β, IL-17, and LPS (27) , but the importance of IL-24 for the development of IBD needs to be further studied.
iL-26
Th17 cells (30) , NK cells (27) , fibroblasts (27) , and macrophages (27) 
iL-20 CYTOKineS HAve PRO-AnD AnTi-inFLAMMATORY eFFeCTS
The IL-20 cytokines IL-19, IL-20, IL-22, IL-24, and IL-26 are elevated in autoimmune/inflammatory diseases, such as in the skin of patients with psoriasis (18, 33, 34) , in synovial fibroblasts, and macrophages of patients with rheumatoid arthritis (19, 35) and in patients with inflammatory bowel disease (20, 27, 30, (36) (37) (38) (39) . Likely, IL-20 cytokines have dual functions as they can exacerbate and attenuate inflammation depending on the tissue contexts by promoting wound healing, tissue protection, and regeneration (40, 41) . Wound healing, tissue protection, and regeneration depend in part on activated STATs and expression of STAT1/STAT3 responsive genes, such as keratinocyte growth factor and epidermal growth factor (42, 43) , expression of antiapoptotic genes and mitogenic genes in hepatocytes (44) , and protection of intestinal stem cells from apoptosis (45) .
iL-20 CYTOKineS in eSOPHAgeAL DiSeASeS
Autoimmune/inflammatory Diseases
Although the esophagus can be affected by inflammatory diseases, such as eosinophilic esophagitis (EoE), Crohn's Disease, infectious diseases, or gastroesophageal reflux disease, the mucosal immune system of the esophagus is compared to the small and large intestine rather understudied. EoE, which has been increasingly diagnosed in the last decade, is thought to be a chronic food-and aeroallergen-mediated Th2 disease leading to tissue remodeling with strictures and stenosis (46 (49) and is essential for the clearance in individuals and mouse models with an impaired Th1 response, whereas, loss of IL-22 may be compensated in individuals with an intact Th1 response (50) . Because IL-26 is only expressed in humans and not in mice, the lack of animal models may in part explain why IL-26 has not been to our knowledge studied yet in contexts of esophageal diseases. (60) . By contrast, IL-26 promotes the proliferation of SGC7091 gastric cancer cells by modulating STAT1/STAT3 activation (61) . A function of IL-19 and IL-20 in the development of gastric cancer is not reported in the literature so far.
Malignant Diseases of the esophagus
Taken together, this indicates that the relevance of IL-20 cytokines for the development of gastric cancer is not well understood and that members of the IL-20 cytokine family may promote or protect from gastric cancer.
iL-20 CYTOKineS in inTeSTinAL DiSeASeS inflammatory Bowel Disease
Although the expression of the type I and type II IL-20R is low in comparison to the IL-22 receptor (6, 9), there are some indications that the cytokines IL-19, IL-20, and IL-24 play a role in the pathogenesis of IBD. Increased expression of IL-19, IL-20, and IL-24 has been reported in biopsies of patients with ulcerative colitis and Crohn's disease (20, 27, 39) . In contrast, LPS-stimulated peripheral blood mononuclear cells (PBMCs) from Crohn's patients produced less IL-19 compared to healthy controls (62) . Furthermore, IL-19 suppressed the production of TNFα by PBMCs from healthy patients but not by PBMCs from Crohn's disease patients (62) . Moreover, single nucleotide polymorphisms in the IL19 gene decrease the susceptibility to ulcerative colitis (63) , while changes in the methylation status of the IL19 gene locus have been associated with increased severity of Crohn's disease (64) . IL-19 is produced by macrophages, whereas subepithelial myofibroblasts have been identified as a source of IL-24, which induces the production of the mucins (mucin1, mucin3, and mucin4) (27) . In colitis models, both accelerated and attenuated DSS colitis has been reported in two different IL-19 KO mouse strains (7, 17) . Homozygous Il19-tdTomato reporter mice, in which tdTomato replaces exon 3 of the Il19 gene tdTomato, showed attenuated DSS colitis associated with reduced IL-6 production in macrophages (Figure 2) . Production of IL-19 by macrophages occurred after a breach of the intestinal barrier with DSS and required an intact bacterial flora because DSS treatment of gnotobiotic animals with a simplified oligomouse microbiota did not induce IL-19 production. IL-19 acts in an autocrine manner on mucosal macrophages, which acquire IL-20Rα during their differentiation into tissue macrophages to regulate the production of IL-6 as colonic macrophages express IL-20Rα in contrast to bone marrow-derived macrophages (7).
Increased expression of the cytokine IL-26 has been reported in biopsies of Crohn's disease and ulcerative colitis patients (30, 32) . IL-26 is produced by RORγt + Th17 cells in the mucosa and binds the IL-26 receptor expressed by subepithelial myofibroblasts and intestinal epithelial cells to induce the expression of the pro-inflammatory cytokines TNFα and IL-8 (30, 32) . IL-26 is a cationic amphipathic protein that promotes the killing of extracellular bacteria by supporting the formation of membrane-pores and binding to bacterial DNA released from dying bacteria (31) . This IL-26/DNA complex shuttles the DNA into myeloid cells, which activates the inflammasome in a STING-dependent manner (65) . Interestingly, the translocation of bacterial DNA from the gut into the peripheral blood of Crohn's disease patients leads to increased IL-26 concentrations. Single nucleotide polymorphism in the IL26 gene results in reduced bacterial killing, elevated concentration of pro-inflammatory cytokines, and increased consumption of anti-TNF antibodies in Crohn's disease patients with translocated bacterial DNA (66) . Increased IL-26 concentration after translocation of bacterial-derived products from the gut into the host may serve as one line of an innate defense system to protect the host from invaded microbial products.
Elevated IL-22 expression was observed in biopsies of patients with Crohn's disease and ulcerative colitis (36, 37) . Overexpression of IL-22 in the colon of mice with a local gene delivery led to attenuated colitis associated with STAT3 activation and increased production of mucus-associated proteins by epithelial cells (5) . Furthermore, IL-22 promotes wound healing in vitro and in vivo after the damage of the epithelial barrier (37, 67) . T cells and type 3 innate lymphoid cells produce IL-22 during colitis in response to IL-23 and IL-1β (68). T cells in IBD patients also produce IL-22bp, which can neutralize soluble IL-22. Patients responding to treatment with anti-TNFα antibodies are characterized by reduced IL-22bp, while still producing the tissue-protective cytokine IL-22 (69) . Perhaps, differential expression of IL-22bp and IL-22 by T cells in IBD patients receiving anti-TNFα antibodies may in part explain how anti-TNFα antibodies suppress active disease.
In summary, multiple functions of IL-20 cytokines in context of IBD have been described, such as the regulation of IL-6 production by macrophages through IL-19, recognition of bacterial DNA by IL-26, and wound healing by IL-22. However, whether a specific member of the IL-20 cytokine subfamily is a potential target for treatment of IBD requires further studies. These cytokines have pleiotropic functions that can protect from inflammation or facilitate colitis; thus, targeting this cytokine family for the treatment of IBD patients may be a challenge.
inFeCTiOUS inTeSTinAL DiSeASeS
Infection of mice with Citrobacter rodentium leads to increased IL-19, IL-20, and IL-24 expression. C. rodentium serves as a model for infections with attaching and effacing (A/E) bacterial pathogens, such as enteropathogenic Escherichia coli (6) . Although C. rodentium infection increased IL-19, IL-20, and IL-24 expression, C. rodentium infected IL-20Rβ-deficient animals had comparable survival rates as wild-type animals (6).
However, the injection of a plasmid leading to the overexpression of IL-24 into animals prolonged survival rates after infection with Salmonella typhimurium. IL-24 attracted neutrophils and induced the production of IFNγ and IL-12 by neutrophils leading to the activation of CD8 T cells (70) . Furthermore, the stimulation of human monocytes with S. typhimurium induced the expression of IL-20. When vasoactive intestinal peptide was added to the cultures a 16-fold decrease of IL-20 expression was noted (71) , but the relevance of this observation has not been investigated in vivo yet.
Interestingly, IL-19 expression by M-CSF-differentiated bone marrow-derived macrophages was induced by stimulation with the TLR4 ligand LPS, the TLR9 ligand CpG, and the TLR2/6 ligand Pam2CSK4. Stimulation of macrophages with the TLR5 ligand flagellin or the TLR3 ligand poly (I:C) did not induce IL-19 expression, because M-CSF differentiated bone marrow-derived macrophages have a shallow TLR5 expression (7) . Because TLR3 signals through TRIF and TLR4, TLR9, and the TLR2/6 require Myd88 for signaling (72) , induction of IL-19 depends on Myd88 but not on TRIF. Microbes or their products are, therefore, strong inducers of the IL-20 cytokines.
Pivotal work has demonstrated that IL-22 is essential for the clearance of C. rodentium infection in mice. In part, macrophagederived IL-1β and IL-23 facilitate IL-22 production by ILC3 during a C. rodentium infection (73) (74) (75) . Production of IL-22 increases expression of antimicrobial peptides (e.g., RegIIIβ), production of mucins, and expression of fucosyltransferase 2 required for the fucosylation of epithelial cells (76) . Fucosylated proteins are proteins to which the hexose deoxy fucose sugar units are added. Fucosylated proteins are shed into the intestinal lumen, where fucosylated proteins regulate the metabolism of microbes and microbial virulence genes (77) . Furthermore, IL-22 regulates the expression of hemopexin, a hemoglobin scavenger, which partially regulates the systemic iron pool and thereby protects from infection (78) . Controversially, pathogens are also able to utilize IL-22 to gain an advantage in the process of occupying a niche in the gastrointestinal tract. For example, S. typhimurium induced IL-22 expression leads to the production of the metal-chelating antimicrobial peptides calprotectin and lipocalin-2, which sequester iron. While S. typhimurium can adapt to iron starvation, iron starvation decreases the growth of commensal Enterobacteriaceae supporting an advantage for S. typhimurium (79) .
COLOReCTAL CAnCeR
Because IL-24, which was initially named melanoma differentiation-associated gene-7, suppresses the growth and induces apoptosis of cancer cells (26) , the expression of IL-24 in colorectal cancer patients has been determined. In a retrospective study with 96 rectal adenocarcinoma patients, 81 out of 90 patients expressed IL-24. Higher IL-24 expression was reported in well and moderate differentiated carcinomas, and expression of IL-24 negatively correlated with lymph node status as in patients with high IL-24 expression fewer lymph nodes were affected (80) . Moreover, the expression of IL-24 was associated with the survival rate of the patients (81) . Experimental studies with overexpression of IL-24 in cancer cell lines or studies, in which a small molecule stabilizes IL-24, suggested that IL-24 can potentially be used to enhance the efficacy of chemotherapies (81, 82) .
IL-22 is involved in tissue repair and wound healing. Hernandez and colleagues recently excellently reviewed the importance of IL-22 for the development of colorectal cancer (83) are elevated in patients with IBD, gastrointestinal infections, and gastrointestinal cancers, of which IL-22 is the most intensively studied cytokine of the IL-20 cytokine family in contexts with gastrointestinal diseases by facilitating wound healing, tissue protection, and regeneration. Furthermore, IL-19-deficient animals develop attenuated DSS colitis that is induced by disruption of the epithelial barrier with DSS. Translocated bacterial-derived products induce IL-19 expression, which acts back on macrophages in an autocrine manner to regulate IL-6 production by macrophages. Future studies with a focus on single members and receptors of the IL-20 cytokine family are required to further understand their relevance for chronic inflammatory diseases, clearance of infectious diseases, and development of cancer in the gastrointestinal tract. Targeting individual members of the IL-20 cytokine family in mice may ultimately pave the way for this cytokine system as a target for therapy of gastrointestinal diseases.
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